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THE VALUE OF WIND-MILLS IN INDIA. 



Previous to the advent of the steam-engine tho wind-mill was held in 
high repute as a moans of obtaining motive power, and it was largely 
used for grinding corn and for raising water for the drainage of low lands. 
The old-fashioned mill was cumbrous and expensive, and, as a rule, it -was 
so heavily loaded that it only worked in strong winds. The disadvantages 
attendant on its use were many and serious and it is not surprising that 
it foil into disrepute Subsequently the invention of tho dynamo and 
the electrical accumulator again drew the attention of limgineorB to tho 
wind as a soaroe of energy and the modern aermolor or wind-engine 
was gradually developed. The expectations based upon the conversion 
of tho power of wind into electrical energy and its storage in accumu- 
lators have not been realised mainly because of the largo capital outlay 
involved in the plant. Bat a very large field for the use of -wind- 
engines has been found in employing them to pump water either for 
domestio purprmes, for drainage or for irrigation, and at the present day 
many thousands are doing useful work in these directions. In no part 
of the world is there more scope for them than in India where millions 
of cattle are daily employed in raising water from wells for the irriga- 
tion of land but unfortunately they are too expensive for the individual 
ryot and there is a generally prevalent idea that tho wind-currents in 
India are too light to make the amount of energy derivable from them of 
auy material value. 

About two years ago I was asked by the Board of Revenue to fur- 
nish them with information regarding tho utility of wind-mills ior 
irrigation work, and, as there was no trustworthy information available, 
I proposed to "Messrs. Parry & Co., the Madras Agents of the Chicago 
Acrmotor Company, that, if they would plaoo an. aormotor at my 
disposal for purely experimental workj I would uudertako to oollot and 
place on record the observations. Alter consultation with their princi- 
pals in America, it was settled that a 16 ft. acrmotor mounted on a 70 ft, 
towor should be handed over to me to experiment with and tho Board of 
Revenue agreed to furnish tho necessary funds. 

A new aormotor was accordingly sent out, and I had it put up in 
tho compound of the School of Arts, Madras. An attempt was made to 
sink a well, but tho sub-soil proved so^uneatisfactory that the well was 
abandoned and a masonry tank 10 ft. square and 5 ft. deep was 
constructed under the aormotor towor. it was originally intended that 
the aormotor should drivo a rocking lover at the ground level, to whioh 
lover two pumps rods wore to be attached, one working an 8" pump, 
the other a 6" pump, both to be fixed 25 ft. below ground level in 
the well. But when tho woll had to be given up it was found impracti- 
cable to arrange for driving two pumps except at a groater expenso than 
was warranted and only the 8" pump was fixed in the tank. 

The object of the experiment waB to ascertain the quantity of water 
•whioh the wind-mill would lift to a certain height every day in the 
year, and as there was no nocessity to uso the wator for any purpose it 
was decided, that the pump should bo arranged to lift tho water 25 ft. 



and allow it to fall back into tho tank. To obtain tho information 
required, a tacheometer was fitted to the pump to record every stroke, 
and to obtain tbe quantities of water lifted, it was only necessary to 
ascertain, as accurately as possible, the delivery of water per stroke. To 
do this, another tank 10 ft. square and 5 i't. deep was built above the 
level of tbe ground and tbe water discharged from, the delivery pipe Was 
carried to it by a two inch main fitted to the bottom of a wooden funnel 
into wbicb tbe water Hfted by tbe pump was discharged. 

Tbe aermotor and tower were bolted together horizontally on the 
ground and were then lifted into a vertical position by means of a 
derrick. The plan followed was the verj ingenious one dovised by the 
Aermotor Company, but it gave us a great deal of trouble, as the tower, 
though it has proved to be amply ttrong enough in the erect position, 
was not well adapted to resist, tho strains brought upon it during the 
process of lifting, notwithstanding the fact that the instructions of tbo 
Aermotor Company were carefully carried out in regard to tbe addition 
of temporary bracing to resist the bonding stresses. The wind-wheel was 
geared down to work tbe pump in tbe ratio of 3| to 1. Tho diameter 
of the pump was 8 inches and the length of the stroke 16 inches, so that 
the theoretic discharge of tbe pump was 2'9 gallons per stroke. Careful 
experiments repeated a great number of times by recording the number 
of strokes required to fill the measuring tank showed that the average 
quantity cf water delivered by each stroke of the pump was 2"5 gallons 
or 86 per cent, of the theoretic delivory. After preliminary experi- 
ments a daily record of the work done by tbe wind-mill was kept 
from tbo end of March 1902, and readings of tbe tachoomote* wore 
taken every morning at 8 a.m., at mid-day and at 4 p.m. It was at first 
intended to set up an anemometer to record wind velocities, but after 
careful consideration of the matter it was finally deoided to disponso 
with the anemometer readings and to obtain all the information regard- 
ing the wind movements from the Observatory in Madras which is 
situated not much more than a mile away. The aermotor was 70 It. above 
the ground and well above the influence of obstructions to the wind 
caused by buildings and trees, and as the whole couiiti*y, for miles 
round, is a practically dead level plain, it was thought that, oonsiderii,g 
the observations were to be extended ovor a long period of time, it 
would be better to accept tho Observatory aoemomotrio determination a 
than to admit a new set with instruments not so carefully calibrated as 
those of tho Government Observatory. 

The aermotor has now boon in operation for more than one year and 
sufficient information has been obtained to dcoide the question as to the 
suitability of these machines for irrigation work in India. Mr. R. LI. 
Jones, the Deputy Director in charge of the Madras Observatory, has 
been kind enough to furnish me with a copy of the Observatory wind 
records for the whole year, and this statement gives not only tho daily 
wind volocity in miles but also the movement of tho wind in miles for 
every hour throughout the year. He has also boon kind enough to fur- 
nish mo with other data regarding wind movements in India of which, 
as will be subsequently seen, considerable use has been made in this 
paper and I am groally indebted to him for his courtesy in this mntter, 
Mr. J. Cook of tho Cential College, Bangalore, and Director of Meteo- 
rology in Mysore, has also been kind enough to send mo valnalde 
extracts from the records of his Observatories and I am glad to acknow- 
ledge my indebtedness to him for the same. 



It secmB unnecessary to publish the Whole of the data which haYff 
been collected, but as a sample of the records for the whole year Table 
I summarizes tho results of the observations made during the mouth of 
June. 

Table I. 

Observations made during the month of June. 
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To detormino tho ratio between the work dono by the wind-mill and 
tho daily velocity of tho wind in miles was the main objcot of the 
experiments and this was easily done by plotting the observations oh 
section paper, plntn I, tiikuiR as ordinatos tho number of gallons of 
water lilted li.'i It. per dnv" and as abscissae, tho wind moveinc-nt in miles 
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per day. When the observations had all been plotted, it, watj found that 
a straight line having the equation 

X - 175 (Y — 53) 
represented the results very satisfactorily, where X is oqual to the 
number of gallons of water lifted 23 ft. per day and Y is the daily 
movement of the wind in miles. 

General observations of the working of the wind-mill show that the 
strongest and steadiest winds generally blow in Madras from noon till 
about 5 o'clock in tho afternoon, and from an examination of the 
Observatory records, it was found that, on a considerable number of 
afternoons during the year, the wind blow with an almost constant hourly 
velocity, and from a soleotion of such dajs, a second curve (plato II) was 
plotted having as ordinates the work done by tho windmill from 12 to 
4 r-M. and as abscissae the total wind movement during that period. 
The equation 

Y = 156-87 X 
represents these results with very great accuracy whenever the wind 
velocity averages more thau 8 miles per hour during the period. 
Careful observations on several days with an anemometer fixed to tho 
wind-mill tower showed that it required a steady breeze of about 7J 
miles per hour to keep the wind-mill in continuous motion, but that, 
when the wind velocity exceeded 3 miles per hour, a certain amount of 
work was done as the result of puffs of wind. These facts are very 
clearly Bhown by the curve on plate II. From the first equation it will 
bo seen that, when the daily wind velocity is below 5,3 miles per day, tho 
amount of work dona by tho wind- mill is negligible, but that above that 
velocity it steadily increases in direct proportion to the increased rote of 
the movement oE tho wind. This same result is also obtained from the 
second equation, and it is one of extreme importance beca\iso makers of 
wind-mills invariably claim that tho work done by a wind-mill is pro- 
portional to the cube of tho wind velocity ; and in their catalogues and 
price lists they publish fictitious tables showing tho work done by tho 
wind at various velocities. 

Table II has been compiled from the avorago wind velocities 
measured at the Observatory in Madras during the 30 years 18G-1- 189 i, 
using equation (I) to determine tho average amount of wator whioh the 
wind -mill can lift. 

The other columns in this tabic show (1) the depth io which an aero 
of land would be covored during the month by tho water lifted by tho 
wind-mill ; (2) the average monthly rainfall ; and (3) the depth of 
water which would bo supplied to 10 acres of land by adding to tho 
natural rainfall tho quantity of wator lifted by tho pump. The months 
of February and October are the least windy in the year but during tho 
former tho harvest is in genoral progress whilst during tho latter tho 
rainfall is usually heavy. In March and April there is practically wo 
rain, but tho water delivered by the wind-mill would bo moro than 
sufficient for tho seod-beds required for an area of over 1 acres. During 
May, June and July strong winds are provalont and the water lifted by 
the wind-mill added to the average rainfall would cover a liold of 10 
acres to a depth of over C inches. This is sufficient with careful use 
for the irrigation of almost any crop, and I am therefore of opinion that 
a 16 ft. aermofcor will do sufficient work in Madras to irrigate 10 acres, 
of laud when the water has to be lifted 25 ft, 
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Before discussing these results further, it will be well to give a hriof 
resume of the results of experiments on wind-mills whioh have been 
made in other parts of tho world. In " The Water-supply and Irri- 
gation Papers J ' published bj the United Statoa Geological Survey 
No. 20 gives an account of an extensive series of experiments with wind- 
mills made by Mr. 'lhomas Perry. Tho experiments wore carried out 
with extreme accuracy and with vory elaborate apparatus and tho results 
of thorn may be summarized as follows : — 

(1) Tho maximum worfe which can bo done by a wind-mill is 
proportional to the cube of the wind Velocity. 

(2) Tho etoting powor of a -wind-mill is proportional to the 
square of the wind velocity. 

(3) The spood of an unloaded wheel increases in a somowha,t 
gretvtor ratio than the velocity of tho wind, but for practical purposes 
there will be but Kttle error in assuming that the unloaded wheel 
revolves at a speed proportional to the wind velocity. 

(4) The boat ispeod for a wind-mill is from 055 to - 70 tho speed 
at -which it runs when unloaded. 

(5) The best load for a wind-mill nt any given velocity of tho 
■wind is from one- half to two-thirds tho maximum starting force at that 
velocity of the wind. 

A large number nf experiments wore made (o determine tho host 
form for tho vanes ol a wind-mill and tho best result obtniiied showed 
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that a 12 fb. wheel having an area of 113 sq.ft. developed G,836 foot- 
pounds of work in a ten-mile wind, or, in othor words, that a 12 ft, wind- 
mill could be made to develop 0-207 H.P. in a ten-mile wind. This 
Jesuit is corroborated by experiments ounduotod in Denmark at the 
G-overnment Experimental wind-mill erected at Askov. Thcro at was 
found that the best result that oould be obtained, when appliod to a 
12 ft. wind-mill would give 0234 H.P. in a ten-mile_ wind. These 
results can be very approximately expressed in the following- way : The 
maximum work which can be done by a wind-mill in a ten-mile breeze is equal 
to one foot-pound per second per square foot of icind surface, A 16 ft. 
wind-wheel has an area of 201 sq.ft., and should therefore supply in a 
ten-mile wind 201 foot-pounds of work per second equivalent to 0'373 
H.P. From the equation T = 156-87 X, it is found that the aotual 
work represented by the water lifted is - 198 H.P. or 53 per cent, of the 
maximum work that can be obtained from tbo "wind. Allowing for the 
friction of the gearing and the loss of energy in the pnmp, the efficiency 
is satisfactory and the load on the pump is ovidently suitable. 

A careful consideration of these results leads to several very important 
conclusions which are entirely confirmed ~by the experiments on the 
aormotor. Although the maximum work which can be done by a wind- 
mill is proportional to the cube of the wind velocity the actual amount of 
work which it does when pumping water is proportional to the wind 
velocity, because the work done depends upon the number of strokes of the 
pump, and the number of strokes of the pump depends upon the velocity 
of rotation of the wind-mill, and this, we have seen, is approximately 
proportional to the wind velocity. This result is fully homo out by 
these experiments since the work done by the aermotor is found to bo 
exactly proportional to the wind velocity. A similar result was obtained 
by Mr. W. H. Moreland, 1.0.8., the Director of the Department of Laud 
Records and Agriculture in the United Provinces, who, in " A Noto on 
Trials of an Aermotoc in "Well Irrigation " published as bulletin No. il 
of the Agricultural Series of his ^Department, gives a table on page 3 
which shows that the quantity of water raised, at different velocities of 
wind was approximately proportional to the wind velocity. The practical 
meaning of this is that a wind-mill works with the greatest efficiency 
when the velocity of the wind is just sufficient to keep it in steady 
motion and that at any other higher velocity of the wind but a portion 
of the useful work which the wind-mill could do is utilized. If a 
convenient arrangement could be devised whereby the load put upon the 
wind-mill varied with the square of the "wind velocity the work done by 
these maehinos would be much greater. An attempt to realize this is 
made by the Chicago Aormotor Company who provide moans whereby 
throe different lengths of stroke of pump can bo obtained, but in practice, 
it ia found inconvenient to alter the length of the stroke. The moat 
satisfactory way to vary the load on a ■wind-mill is to provido it with 
two pumps worked through a rooking lever fixed at ground lovcl. One 
pump can be permanently attached to the rooking lever and tho othor 
whenever the -wind velocity is sufficient to justify doing so. 

Table II has been compiled from the results obtained with a single 
pump of 8 inches diameter and 16 inches stroke, but it is certain that for 
the greater part of the yoar for several hours each day the aormotor 
would have been capable of working two such pumps with practically no 
loss of speed. 
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Tablk III. 

Jlfww hourly air movement at Madras (irrespective of direction). 
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4-081 

4-15 

5-1 

7-37 

9-72 

11-11 

12-01 

12-35 

J.2 69 

12-45 

12-25 

11-24 

9-03 

7-28 

6-74 

6-34 

5-92 

5-50 

5-11 



Tabic III gives iho moan hourly movement of wind at Madras 
irrespective of direction and by using this table we can approximately 
estimate what extra work would have been done if it had been possible 
to attach a second 8-inch pump to tho wind-mill whenever the velocity 
of the wind was sufficient to drive two pumps. With a wind velocity 
of 8 miles per hour and one 8-inoh pump the wind-rail! works atoadily ; 
-with double tho load, since the power of iho wind-mill is porportional 
io tho cube of tbo velocity of the wind, a wind velocity of 10-08 inilus 
per hour would be required. 

From Table ITT, Tahlo IV has boon pom piled by taking out for each 
month tho average munbor ol! houra in the month during which the 
wind velocity was over 8 milcB por hour, nnd atao tho number of honts 

2 
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in each month, during -which the wind velocity averaged over 10'08 
miles per hour. From the totals it will be seen that the wind was strong 1 
enough during 3,791 hours to drive one pump and sufficiently strong 1 
during 1,985 hours to drive two pumps. This means, that, neglecting 
any work done hy the wind when the average velocity was below 8 miles 
per hour, the total quantity of water raised by the wind-mill during the 
year would have heon increased by 52 4 per cent, if another pump could 
have been attached when the wind was favourable To drive three pumps 
the wind velocity would have to be 11*54 miles per hour and the table 
shows that this velocity was exceeded during 917 hours in the year, so 
that the addition of a third pump would have inoroased the work done 
by a further 24 - 3 per cent. If a 10-inch pump bad been attached to 
the wind-mill instead of an 8-inoh pump, a wind velocity of 9'28 miles 
per hour would have been required. 

Table IV shows that during tho year the wind excoeded this velo- 
city during 2,795 hours and tho quantity of water which would have 
been lifted by the 10-inch pump would have been almost exactly equal 
to that which was lifted by the 8-inch pump, as when the 10-inch pump 
is working, it will in any given time lift 1-^45 times as much water as 
the 8-inoh pump. An examination of the figures given in Table IV 
shows that with the 8-inoh pump the volume of water lifted is more 
uniformly distributed throughout the year than would be tho case if 
the larger pump were used, and wo may fairly assume that an 8-inch 
pump is more suitable for work with a 16-feot aermotor in Madras than 
a 1 0-inoh pump would be. It is important to notice, however, that the 
difference is not very material and that, in places where the wind 
distribution is anything like that at Madras, tho size of the pump may 
vary within considerable limits without materially affecting the quantity 
of water which would be lifted. 

Table IV. 

Number of hours in each month the wind movement par how exceeded 
8 miles (A), exceeded 10-08 miles (#), exceeded 1T54 miles (0), 
exceeded 9-28 miles (D). 



Month. 


A 


B 


O 


D 


January ••• >•- 


2-Jfi 


1S6 




217 


Febmavy 


IDS 


56 




140 


Muroh 


£48 


180 


OS 


217 


April 


300 


240 


ISO 


300 


May 


558 


341 


217 


400 


Juno... 


• fiao 


SOO 


210 


3f«) 


Jniy 


372 


ai7 


02 


279 


August 


2711 


da 


»«» 


180 


September ... 


2*0 


• »i 




120 


October 


120 








November ... 


270 


180 




28 3 


Decembor ... 


270 


217 


155 


363 


Total ... 


3,701 


1,985 


017 


2,705 
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Table V. 
Mean howly wind velocity — Banyctlove* 



I 




as 
p 

1*4 




*4 


J? 


6 




ai 

a 
be 

S3 
-A 


■a 

P. 
SQ 

8-8 


S 
o 


& 
1 

d> 


& 

s 

1) 
R 


Mi (1-1 


9'5 


fl-s, 


8-2 


7-4. 


102 


12-2 


12 3 


[0-5 


6-8 


7-2 


8-7 


1-2 


o-o 


S-4 


7-3 


8-0 


10-1 


11-0 


12-0 


10--5 


7-6 


0-3 


e-(t 


8-5 


2-3 


S'7 


7-Jl 


as 


G7 


e-9 


11-6 


ii -a 


10-3 


7-5 


6-1 


G-i 


8-3 


3-4 


8-5 


7-6 


ei 


6-2 


e-ij 


11-5 


120 


10-1 


7-3 


G-S 


6-4 


82 


4-5 


8*1 


7'2 


57 


5-9 


8-7 


111 


11-8 


e-g 


80 


5-6 


0-3 


80 


5-6 


7'tl 


C7 


5-2 


5-t 


8-6 


10-9 


11-6 


98 


G-7 


fi-2 


G-2 


84 


6-7 


7' 8 


G-l. 


5-1 


5-8 


87 


11-4 


12-1 


10-0 


6-9 


5-6 


6-V 


8-4 


7-8 


8'4 


72 


6-2 


70 


0-8 


12-9 


13-5 


11-4 


8-2 


7-1 


7-8 


103 


8-9 


10-5 


90 


7'8 


73 


9-9 


14-4 


15'i 


12-15 


8-9 


8-2 


9-4 


12-fi 


9-10 


110 


10'5 


8-8 


7-4, 


10 1 


15-2 


18-1 


13-7 


4 


8-6 


10-2 


12-9 


10-11 


11-7 


U-3 


9-8 


7-5 


9-0 


160 


17 3 


14-3 


O'S 


89 


10-6 


13'0 


. 11-Noon 


11-0 


11-4 


10-1 


80 


9-6 


163 


17'8 


14-5 


10-0 


9-2 


10-2 


12'9 


Noon -13 


11-3 


11'3 


11-0 


0-1 


9-5 


16-3 


17'f. 


14-6 


9-8 


9-1 


9-8 


12-4 


13-14 


11-3 


11-0 


11-0 


0-7 


9-3 


1U3 


18-1 


14-4 


96 


9-1 


9-8 


12-1 


14-15 


11-1 


11-8 


11-0 


10-0 


!)-3 


15-S 


17-5 


14-0 


9'5 


8-9 


9-5 


12-1 


15-16 


10-0 


10'0 


U'4 


10-7 


9-5 


15-4 


17-5 


13-7 


S'S 


88 


92 


11-4 


10-17 


KM. 


10'G 


10'0 


10 6 


9-3 


15'1 


1H9 


12'C 


8-3 


8-0 


8-0 


lo-s 


17 18 


8-a 


9-1 


98 


0-8 


o-: 


14-7 


15-5 


11 -6 


7-1 


0-8 


7-0 


8-8 


18-10 


7T> 


8-0 


81 


8C 


7-<i 


13d 


14-1 


10-1 


G2 


G-l 


6-5 


8-1 


l!l- 20 


S'3 


9-0 


&<i 


7-C 


7-1 


12'1 


1S--J 


9 9 


0'3 


o-o 


71 


8-4 


20-21 


O'O 


9-9 


10-1 


a-i 


77 


12-5 


13 2 


10-2 


C-8 


0-4 


7-0 


8-5 


21-22 


8'3 


100 


10-1 


8-d 


85 


12-6 


12-9 


10 4 


7-3 


6 6 


7-3 


8-8 


22-23 


!)■•! 


J 0-7 


8-0 


8-0 


O'J 


12-5 


12-7 


10-4 


7-S 


0£ 


7-5 


S>'0 


23-Mil. 


9\1 


10-3 


92 


7'7 


lO'O 


12') 


73--1 


10'4 


8'( 


G-S 


7-c 


8-8 


Tola! ... 


229 '0 


237-2 


200' 1 


ISO'f 


220-8 


82GT 


346'S 


279'S 


193-1 


172-5 


lfll-3 


230 



* Tho figures in tliift tabic ore talcon from tho MpmoiTS oi tho Mysore Meteoro'ogieal 
llopai'tmorit ivnd. tu-o not comparable Willi tho lip;uroa for Bangaljro in Tabic VII. 
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Table VI. 

Number oj hours in each month the wind movement per //our exceeded 
8-^8 mi/en (A), exceeded 10-43 miles (#), exceeded 11 "91 uu/en 
(0), exceeded 9'50 miles {D). 



— . 


A 


B 


C 


D 


January 


fiSO 


279 




8in 


Febiuary 


448 


308 




304 


Biiirch 


434. 


155 




810 


April 


240 


90 




155 


M ay 


651 


i .. 




311 


June 


720 


720 


510 


720 


Jnly 


74 1 


744 


(If.l 


7-H 


Antfust 


74 i 


403 


27f) 


74-1 


Septombcv 


300 






J flu 


October 


217 








November . . 


270 


30 




IhO 


Duuuiubur 

Total ,. 


6*51 


270 


217 


310 


fi,039 


3,003 


1,087 


4,328 



Table V" extracted from the Mysore Meteorological papers gives tho 
mean hourly wind velocity during - the Jour years (1895 to 1898) at 
Bangalore, and from this table we ha-ve coiibtruutcd Table VI, similar to 
Table. IV, in order to frame an estimate of what would be the work demo 
by a similar aermotor in that locality. As the station is over !3,0(. 
feet above the level of the sea, the density of the air is less and may bo 
assumed to be 09 of that at &oa level. As tha work done by the wind 
is proportional to the mass multiplied by the oube of tho velocity, a 
wind of 8 miles per hour at sea level will he as effective as one of 8 - 28 
miles per hour at 3,000 feet elevation. The totals of the columns of Table 
V show, that a single 8-inch pump could be worked for O',039 hours and 
that two pumps oould be worked for 3,008 hours, whilst threo pumpa 
could bo worked for 1,687 hours, giving an increase to the amount of 
water lifted of 50 per cent, for two pumps and a further increase of 
28 per cent, for a third pump. If a 1 0-inch pump were used, it would 
work for 4,328 hours; this number multiplied by 135, the ratio of 
the work done by the two pumps in. any given wind shows that the 
10-ioch pump would only lift 9(r7 per cent, of the water lifted 
by an 8-inch pump, and an examination of tho table shows that tho 
greater part of this work would be dono during the three monsoon 
months aud that during the rest of the year the 8-inoh pump would bo 
immensely more effective than a 10-inch pump, From those figures, it 
would appear that the wind movements in Bangalore are so much 
stronger than inMadras that the work which a 16-ft. aormotor woidd do 
would be 60 per cent, greater. It would bo interesting to extend this 
method of investigating the prospects of a wind -mill to a number of 
other plaoes in India, but the hourly data aro not available, and we must 
oontent ourselves with the daily returns published by tho Meteorological 
Departmonb. In Table VII the average daily wind velocity for each 
month in the yen* for some 28 stations fairly evenly distributed ovei* 
India is given. 
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Wo have seen that the "work done by the aormotor in Madras ia 
proportional to the daily velocity of the ■wind, the equation being 
X = 175 (Y — 53). Applying this equation to the figures giving the 
avei-age daily velocity throughout the year wo obtain the ratio given 

in the horizontal line (j 6 ^L e o ) ■ This method is based upon the assump- 
tion that an 8-inoh pump is in use. Bat in places of low wind velocity 
it would he advisable to use a smaller pump, and in places of much higher 
wind velocity better results will be obtained with a larger pump. We 
have seen that the energy ox" the wind is proportional to the oubo of the 
velocity and that the starting power of the wind is proportional to the 
square of the velocity, and it therefore seems not unreasonable to assume 
that the energy which can be derived from the wind may bo taken as 
approximately equal to the square of the daily wind velooity. In Table 
"VII is given tl-e ratio of the average wind volocifcy at each plaoe to the 

average wind velocity in Madras (■—{ and the squares of these numbers 
L(p\ a - A comparison of the two sets of figures, fggZjjJ aiX( * (leg/ 8nows 

that only in places of extremely low or extremely high wind velocity is 
there any very material difference, and for this reason, 1 am inclined to 
think that the latter method of estimating the probable amount of 
work which can be obtained from a wind -mill in any locality is the 
more accurate. 

It will be seen that at the great majority of stations the wind 
forces are so slight that we may unhositatingly say that wind-mills 
are of no value- There remain, however, a certain number of stations 
where the conditions are favourable, and as these ropresent the wind 
conditions prevailing ovor an enormous tract of oountrVi we arrive 
at this remit : that, though over tho greater part of India including 
the whole of Northern India, the energy of the wind is of no practical 
value, yot. there are many places in peninsular India where it should 
be profitable to make use of wind-mills for irrigation. Along tho 
eea coast from Karachee to Bombay and from Diamond Harbour to 
Negapatam, over a large tract of tho Decoan, over the Mysore Plateau 
and probably in most of tho hill-stations, it will be found that wind-mills, 
if not absolutely ideal machines for lifting water, are by far tho 
cheapest and moat convenient of mechanical devices available. From 
the equation which has been obtained as tho result of observations in 
Madras, it is easy to calculate the effective horse-power obtained from 
a wind-mill, and it will be seon that when the load is fixed, as it is by 
the size of the pump and the height over which the water is lifted, tho 
actual horse-power of the wind-mill is not very large even when strong 
breezes are blowing. On the other hand, it must bo remembered that 
a wind- wheel of from 12 to 20 ft. in diameter would bo sufficiently 
large to extract all the water that can bo obtained from the majority of 
wells sunk in this country, and that, as it is most effective in hot dry 
weather, it is a more convenient aid to irrigation than at first sight 
might be expected. We have seen that the amount of effoctive work 
which a wind-mill can do is increased 50 per cent, by the addition of a 
second pump, and as the cost of this addition is comparatively small 
compared with the oost of a wind-mill tower and one pump, I strongly 
recommend that all wind-mills erocted for lifting water should bo 
arranged so as to be able to drive two pumps during periods when the- 



to 

wind velocity is sufficiently high. Taken as a whole, the movements 
of tie wind in India, though very touch feebler than in temperate 
olimates, are fairly reliable and conveniently distributed, the maximum 
wind force usun lly occurring in the afternoon when the water in tho 
well will probably be at its lowest level and the work of lifting it out 
therefore greatest. It may also be notod that, as a rule, during rainy 
weather the wind movements are feeble, but water for irrigation is not 
wanted then ; whilst hot dry weather, when water is most wanted, is 
usually aooompanied by strong winds. The actual results of irrigation 
with aermotors should therefore ho somewhat more favourable than 
calculations based on average returns indicate. 

As the result of experience with tho working of tho aermotor 
supplied by the Chicago Company, I am of opioion that these machines 
are not sufficiently strongly constructed for work in India. A good 
many minor breakages havo occurred during the course, of the experi- 
ments, but the most serious defects wcio due to the bad fitting of the 
valves in the pump chamber. The design seems to he excellent, but 
the execution was bad and muuh trouble might have been obviated if 
the pivots on which the flap valves tu?-n had been made larger and 
fitted into better designed sookets. A wind-engine and pump cannot bo 
placod in inexperienoed hands, thoy require carefully looking after, and 
the slightest defect or damage should bo romedied immediately it oocurs. 
It will not pay to keep an experienced fitter to look after a single wind- 
mill, but the man could easily look after a dozen mills and where such 
colonies of wind- mills can be established thoy will prove extremely 
remunerative investments. 

A lC-leet aermotor mounted on a 40-ft. tower and fitted with an 
8-inoh pump will cost, whoa erected over a well, about Its. 1,500, and 
we may assume that the cost of maintaining tho samo in good ordor 
will be about Es. 5 a month. Such investments should yield about 6 per 
cent, interest on tho oapital expondod, or Es. 7-8-0 a month. Ten 
per cent, for depreciation is perhaps an excessive amount to allow, but it 
will be well on the safe side if we do so. This oomoa to Es. 12-8-0 a 
month, making the total oost of the wind-mill Eb. 25 a month. Now, 
this wind-mill will do as much work as at least 2 pairs of good cattle, 
and if fitted with two pumps it will be equivalent to 3 pairs of cattle 
and the oost of lifting water with them, will amount to from Es. 45 to 
Ea. 67 a month, showing a margin in favour of the wind-mill of from 
Us. 20 to Es. 40 a month. This is the result that can bo obtained in 
Madras, but thero aro thousands of square miles of country in India 
whore much more favourable results can bo obtained, and I therefore 
conclude this briof account of my observations on a wind-mill in 
Madras with tho statement that thorc is a wide field in India open for 
tho profitable employment of wind-mills in lifting water for irrigation. 

.Alfred Ciiattekton, 
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